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(54) Curable composition for coatings, coated articles and resin composition for coatings 



(57) The present invention has its objects to provide 
a curable composition for coatings which can provide 
coatings or paint films excellent in acid resistance, 
scratch resistance, stain resistance and heat curability, 
among others, with very good weather resistance and 
appearance. In addition, the present invention provides 
a coated articles obtained from said curable composi- 
tion for coatings and a resin composition for coatings. 

The present invention relates to a curable compo- 
sition for coatings which comprises: 

a component (A) consisting of a resin (A-1 ) obtained 
by mixing an epoxy group-containing compound (x) 
component and a carboxyl group-containing com- 
pound (y) component and/or a resin (A-2) based on 
an epoxy group - and carboxyl group-containing vi- 
nyl copolymer (z) component, 
a component (B) consisting of a vinyl copolymer 
whose main chain substantially consists of a vinyl 
copolymer chain and which has, within the molecule 



thereof, at least one hydrolyzable silyl group bound 
to a carbon atom as represented by the following 
general formula (I): 



R 2 , 



I 

-Si-(R 1 0) 



(I) 



, at one main chain terminus and/or on a side chain, 
and a component (C) consisting of a silicon com- 
pound represented by the following general formula 
(VII): 



(R 3 0) 4 . b SiR 4 b 



(VII) 



and/or a partial hydrolyzate condensate thereof. 



QL 
111 



Printed by Jouve. 75001 PARIS (FR) 



EP 1 013 730 



Pag e 2 of 31 



EP 1 013 730 A1 

Description 

TECHNICAL FIELD 

5 [0001 ] The present invention relates to a curable composition for coatings, which is preferably applied to, for example, 
automobiles, industrial equipment, steel furniture, building interior and exterior, electric appliances, various plastics 
products and the like, and to a coated article obtained from said curable composition for coatings. More particularly, it 
relates to a curable composition for coatings which can provide good acid resistance, scuff or scratch resistance, stain 
resistance, appearance and heat curability, among others, very good weather resistance and are particularly suited 

io for top coat compositions for automobiles, to a coated article obtained from said curable composition for coatings and 
to a resin composition for coatings. 

BACKGROUND ART 

is [0002] So far, coating compositions mainly comprising a melamine resin, such as an alkydmelamine resin or acrylic 
melamine resin, have been used in coating automobiles, industrial equipment, steel furniture, building interior and 
exterior, electric appliances, various plastics products and the like. 

[0003] However, such coating compositions mainly comprising a melamine resin have some problems: a harmful 
formalin is generated in the step of curing and, since cured coatings are poor in acid resistance, they are affected by 

20 acid rain. In particular, the acid rain problem has been aggravated owing to recent air pollution and phenomena such 
as etching, whitening and staining or spotting of coatings or paint films have been encountered. 
[0004] To solve the above problems, melamine resin-free coating compositions have already been proposed (e.g. 
JP Kokai H03-2B7650 and JP Kokai H02-45577) . In such coating compositions, ester bonds resulting from the reaction 
of acid groups and epoxy groups serve as crosslinking sites and, therefore, said coating compositions are advanta- 

25 geous, as compared with the coating compositions mainly comprising a melamine resin, in that they can form coatings 
having good acid resistance. However, it has now been found that once the coatings which were formed from said 
coating compositions by reacting an acid group with an epoxy group is stained, the stains tend to be difficult to remove, 
although said compositions give coatings having good acid resistance. In particular, the tendency is more remarkable 
with tint or weak color coatings. Thus, from the viewpoint of good appearance, easy cleaning, reduced number of 

30 cleanings, or the tike, improvements in stain resistance are desired. 

[0005] Furthermore, in top coat finishing of automobiles, improvements in finish appearance are earnestly desired. 
[0006] When it is demanded that coated articles have high quality appearance, it is a usual practice to further incor- 
porate a leveling agent, which is an appearance modifier, in top coat paints. At present, without addition of a leveling 
agent, none of the commercial paints or coating compositions can give a satisfactory finish appearance or cope with 

35 the high quality appearance requirement. 

[0007] When a leveling agent is added to a composition for coatings capable of providing stain resistance, it is pos- 
sible that the stain resistance of the coating composition decreases. 

[0008] WO 98/07797 discloses a curable composition (a) for coatings which comprises an epoxy group-containing 
resin (A) component, a carboxyl group-containing compound (B) component and a silicate (C) component as well as 

40 a composition derived from said composition by introducing a hydrolyzable silyl group into the (A) component, namely 
a curable composition (P) for coatings which comprises a hydrolyzable silyl group- and epoxy group-containing resin 
(A) component, a carboxyl group-containing compound (B) component and a silicate (C) component. However, though 
such compositions indeed provide good stain resistance, the stain resistance may be lowered by certain additives 
added in the step of paint or coating preparation. Also in cases where a leveling agent is added as the additive, the 

45 same problem may be encountered and it is necessary to select a leveling agent which will not lessen the stain resist- 
ance. Alternatively, a paint or coating is earnestly desired which is capable of providing a good appearance without 
adding any leveling agent, hence capable of retaining the stain resistance without any reduction in stain resistance 
due to the addition of a leveling agent. 

50 SUMMARY OF THE INVENTION 

[0009] In view of the above state of the art, the present invention has for its object to provide a curable composition 
for coatings which can provide coatings or paint films excellent in acid resistance, scratch resistance, stain resistance 
and heat curability, among others, with very good weather resistance and appearance. In particular, the curable com- 
55 position for coatings of the present invention can preferably be used in top coat paint compositions for automobiles. 
In addition, the present invention provides a coated articles obtained from said curable composition for coatings and 
a resin composition for coatings. 

[0010] The present invention provides a curable composition for coatings which comprises: 
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a component (A) consisting of a resin (A-1 ) obtained by mixing an epoxy group-containing compound (x) component 
and a carboxyl group-containing compound (y) component and/or a resin (A-2) based on an epoxy group- and 
carboxyl group-containing vinyl copolymer (z) component, 

a component (B) consisting of a vinyl copolymer whose main chain substantially consists of a vinyl copolymer 
5 chain and which has, within the molecule thereof, at least one hydrolyzable silyl group bound to a carbon atom as 

represented by the following general formula (I): 

10 ' 

-Si-(R l O) 3 _ a (I) 



[wherein R 1 represents a hydrogen atom or an alkyl group containing 1 to 10 carbon atoms, R 2 represents a 
is hydrogen atom or a monovalent hydrocarbon group selected from among an alkyl group containing 1 to 1 0 carbon 

atoms, an aryl group containing 6 to 10 carbon atoms and an aralkyl group containing 7 to 10 carbon atoms and 
a represents an integer of 0 to 2], at one main chain terminus and/or on a side chain, and 
a component (C) consisting of a silicon compound represented by the following general formula (VII): 

(R 3 0) 4 . b SiR 4 b (VII) 

[wherein R 3 represents a hydrogen atom or an alkyl group containing 1 to 1 0 carbon atoms, an aryl group containing 
6 to 10 carbon atoms or an aralkyl group containing 7 to 10 carbon atoms and the R 3 groups may be the same or 
25 different, R 4 represents an alkyl group containing 1 to 10 carbon atoms, an aryl group containing 6 to 10 carbon 

atoms or an aralkyl group containing 7 to 10 carbon atoms and when there is a plurality of R 4 groups, they maybe 
the same or different, and b represents an integer of 0 to 2], and/or a partial hydrolyzate condensate thereof. 

[0011] The curable composition for coatings of the present invention preferably comprises 100 parts by weight of 
30 the component (A), 1 to 100 parts by weight of the component (B) and 1 to 100 parts by weight of the component (C). 
[001 2] Said (x) component preferably contains at least two epoxy groups per molecule and has an epoxy equivalent 
of 200 to 2,000 g/mole. It preferably contains at least one hydroxy group per molecule and has a hydroxy equivalent 
of 500 to 7,000 g/mole. Furthermore, it preferably contains at least one carboxyl group per molecule. 
[001 3] Said (y) component is preferably a vinyl copolymer ((y)-i component) containing, on an average, two or more 
55 carboxyl groups per molecule. 

[001 4] Said (y)-i component preferably contains at least two epoxy groups per molecule and has an epoxy equivalent 
of 200 to 2,000 g/mole. It preferably contains at least one hydroxy group per molecule and has a hydroxy equivalent 
of 500 to 7, 000 g/mole. 

[0015] The (y) component is preferably an oligomer compound ((y)-ii component) containing at least two carboxyl 
groups per molecule and having a molecular weight of not more than 2,000. 

[0016] Said (y)-ii component is preferably prepared by subjecting a polyol compound and an acid anhydride com- 
pound to half esterification. 

[001 7] The (z) component preferably contains at least one carboxyl group and at least two epoxy groups per molecule 
and has an epoxy equivalent of 200 to 2,000 g/mole. 
45 [0018] The component (B) mentioned above preferably contains at least one hydroxy group per molecule and has 
a hydroxy equivalent of 500 to 7,000 g/mole. It preferably contains at least one epoxy group per molecule and has an 
epoxy equivalent of 200 to 2,000 g/moie. 

[0019] The component (C) mentioned above preferably consists of a tetraalkyl silicate and/or a partial hydrolyzate 
condensate thereof. 

so [0020] It is preferred that the curable composition for coatings of the present invention further comprises a curing 
catalyst component (D) in an amount of 0.001 to 10 parts by weight per 100 parts by weight, on the solid matter basis, 
of the sum total of the above-mentioned components (A), (B) and (C). 

[0021] In the component (A) mentioned above, the epoxy group to carboxyl group mole ratio is preferably such that 
the epoxy group occurs in an amount of 0.2 to 5 moles per mole of the carboxyl group. 
55 [0022] In another aspect, a coated article provided with a coating comprising a metallic powder and/or color pigment 
and further provided thereon with a top coat clear coating comprising, as the main component, the curable composition 
for coatings of the present invention also falls under the present invention. 
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[0023] In a further aspect, a resin composition for coatings falls under the present invention which is intended for 
producing a curable composition for coatings by blending with a composition for coatings which comprises a component 

(A) consisting of a resin (A-1 ) obtained by mixing an epoxy group-containing compound (x) component with a carboxyl 
group-containing compound (y) component and/or a resin (A-2) based on an epoxy group- and carboxyl group-con- 

s taining vinyl copolymer (z) component, wherein said resin composition for coatings comprises a component (B) con- 
sisting of a vinyl copolymer whose main chain substantially consists of a vinyl copolymer chain and which has, within 
the molecule thereof, at least one hydrolyzable silyl group bound to a carbon atom as represented by the following 
general formula (I): 

w 

r- 

-Si-(R l O) 3 _ a (I) 

15 

[wherein R 1 represents a hydrogen atom or an alky I group containing 1 to 1 0 carbon atoms, R 2 represents a hydrogen 
atom or a monovalent hydrocarbon group selected from among an alkyl group containing 1 to 10 carbon atoms, an 
aryl group containing 6 to 10 carbon atoms and an aralkyl group containing 7 to 10 carbon atoms and a represents an 
integer of 0 to 2], at one main chain terminus and/or on a side chain, and 
20 a component (C) consisting of a silicon represented by the following general formula (VII): 

(R 3 0) 4 . b SiR 4 b (VII) 

25 [wherein R 3 represents a hydrogen atom or an alkyl group containing 1 to 10 carbon atoms, an aryl group containing 
6 to 10 carbon atoms or an aralkyl group containing 7 to 10 carbon atoms and the R 3 groups may be the same or 
different, R 4 represents an alkyl group containing 1 to 10 carbon atoms, an aryl group containing 6 to 10 carbon atoms 
or an aralkyl group containing 7 to 1 0 carbon atoms and when there is a plurality of R 4 groups, they may be the same 
or different, and b represents an integer of 0 to 2], and/or a partial hydrolyzate condensate thereof. 

30 [0024] When said resin composition for coatings is used, it is preferable that 1 to 1 00 parts by weight of the component 

(B) and 1 to 100 parts by weight of the component (C) are blended with said composition for coatings comprising 100 
parts by weight of the component (A). 

DETAILED DESCRIPTION OF THE INVENTION 

35 

[0025] First, the component (A) is described. 

[0026] The component (A) to be used in accordance with the present invention is a coating composition capable of 
forming a cured coating or paint film by the reaction of the epoxy group-containing compound (x) component and the 
carboxyl group-containing compound (y) component . 
40 [0027] The epoxy group-containing compound (x) component as so referred to in the present specification does not 
have, within the molecule thereof, any hydrolyzable silyl group bound to a carbon atom as represented by the above 
general formula (I). 

[0028] As said (x) component, there may be mentioned an epoxy group-containing resin. The epoxy group-containing 
resin is constituted of an epoxy group-containing vinyl monomer-derived unit and another copolymerizable vinyl mon- 
45 omer-derived unit. 

[0029] The epoxy group-containing vinyl monomer species is not particularly restricted but includes, as examples, 
those species represented by the following general formulas (1) to (14): 



so 



R 5 0 R 5 

CH«=C-C-0-R e -C-CH 
2 \ / 



CD 
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R 0 



ch 2 =c-c-o-r 6 -o-yT s j [— .° C3) 



R 5 0 

CH 2 =C-C-0-R 6 -< X (4) 




25 R 5 0 



CH--C-C-0-R 6 -, r— O (5) 



R 5 0 



CH,«C~C-0-R 6 -£T^O-/^J (6) 

OH 



R 5 0 

CH«»C-C-0-R 6 -r "l-C-0-CH«-T >x (7) 



;6 lO" e " 0 " CH2 t>o 

HO 



R 5 0 O 

CH 2 = C~C-0-R 6 -|^CH 2 -0-C-^ :::o C8> 

HO 
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R 5 0 

CH 2 =C-C-0-R 6 -CH-T^N C9) 

OH 



R 5 0 



I • 

BO' N — ' CH9-O 



CH 2 -C-C-O-^-\ / CH 2 -0 > / — V-0 CIO) 



!0 !I >"<7 



R S 0 
I 1 

CH„=c-c-o-r~x ,o-ch 2v A~r^° < 1X > 



> > ' O-CH. N ' 



•2 

HO' > — ' "0-CH 2 



CH 2 -C 



R50 R5 ^ 



R 5 0 R 5 



CH 2 «C 



R 5 0 R 5 

CH 2 ~C-C~N-R 6 -0-R 8 -^^ <1 4) 

[0030] In each of the above formulas, R 5 represents a hydrogen atom or a methyl group and R 6 represents a divalent 
aliphatic saturated hydrocarbon group containing 1 to 6 carbon atoms. 

[0031] Such epoxy group-containing vinyl monomer is preferably used in an amount of 1 0 to 70% by weight, more 
preferably 20 to 60% by weight, based on the total weight of the comonomer components. When the amount of said 
monomer is less than 10% by weight, the composition obtained tends to fail to show sufficient curability or develop 
acid resistance. When it is in excess of 70% by weight, the compatibility with other resins and the weather resistance 
tend to decrease. 

[0032] The other copolymerizable vinyl monomer is not particularly restricted but includes, among others, unsatu- 
rated polycarboxylic acid esters such as methyl (meth)acrylate, ethyl (meth)acrylate, butyl (meth)acrylate, isobutyl 
(meth)acrylate, tert-butyl (meth)acrylate, cyclohexyl (meth)acrylate, 3,3,5-trimethylcyclohexyl (meth)acrylate, 2-ethyl- 
hexyl (meth)acrylate, isobornyl (meth)acrylate, stearyl (meth)acrylate, benzyl (meth)acrylate, cyclohexyl (meth)acr- 
ylate, trifluoroethyl (meth)acrylate, pentafluoropropyl (meth)acrylate, dtesters and half esters of unsaturated polycar- 
boxylic acids (e.g. maleic acid, fumaric acid, itaconic acid) with straight or branched alcohols containing 1 to 20 carbon 
atoms; aromatic hydrocarbon vinyl compounds such as styrene, a-methylstyrene, chlorostyrene and sodium sty- 
renesuifonate; vinyl esters and allyl compounds such as vinyl acetate, vinyl propionate and diallyl phthalate; nitrite 
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qroup-containing vinyl compounds such as (meth)acrylonitrile; basic nitrogen-containing vinyl compounds such as 
dimethylaminoethyl (meth)aciylate, diethylaminoethyl (meth)acrylate. vinylpyridine and aminoethyl vinyl ether; am.de 
qroup-containing vinyl compounds such as (meth)actylamide, itaconic acid diamide, a-ethyl(meth)acrylamide croton- 
amide maleic acid diamide, fumaric acid diamide. N-vinylpyrrolidone, N-butoxymethyl(meth)acrylamide, N.N-dimeth- 

s ylacrylamide, N-methylacrylamide and acryloylmorpholine; and other vinyl compounds such as vinyl methyl ether, vinyl 
chloride vinylidene chloride, chloroprene, propylene, butadiene, isoprene, maleimide and N-vmylimidazole. 
[00331 Preferred as the method of synthesizing the epoxy group-containing resin (x) component is the solution po- 
lymerization method using a peroxide radical initiator, such as tert-butyl peroxyacetate, or an azo radical initiator, such 
as azobisisobutyronitrile, because of ease of synthesis. 

io [0034] If necessary, the molecular weight may be adjusted using a chain transfer agent such as n-dodecyl mercaptan, 
tert-dodecyl mercaptan, n-butyl mercaptan, r mercaptopropyltrimethoxysilane, 7-mercaptopropyltnethoxysilane, y- 
mercaptopropylmethyldimethoxysilaneorY-mercaptopropylmethyldiethoxysilane. 

[0035] As the polymerization solvent to be used in the above solution polymerization, there may be mentioned such 
inert solvents as hydrocarbons (e.g. toluene, xylene, n-hexane, cyclohexane), acetate esters (e.g. ethyl acetate, butyl 

is acetate) alcohols (methanol, ethanol. isopropanol, n-butyl alcohol), ethers (e.g. ethylcellosolve. butylcellosolve. cel- 
losotve acetate) and ketones (e.g. methyl ethyl ketone, ethyl acetoacetate, acetylacetone, diacetone alcohol, methyl 
isobutyl ketone, acetone). Any other inert solvent may also be used without any particular limitation. 
[0036] The (x) component preferably has a number average molecular weight of 1 ,000 to 20,000, more preferably 
2,000 to 15,000, still more preferably 3,000 to 10,000, because of the heat curability and the durability. 

20 [00371 It is further desirable that the (x) component have at least two epoxy groups per molecule. 

[0038] From the viewpoint of curability, weather resistance, high coat finish, or the like, it is preferred that such resin 
have an epoxy equivalent of 200 to 2, 000 g/mole, more preferably 230 to 1 ,000 g/mole, still more preferably 250 to 

750 g/mole. . 
[0039] The above (x) component may contain a hydroxy group or groups. The (x) component which also has a 
25 hydroxy group or groups can be prepared from a hydroxy group -containing vinyl monomer-derived unit, the above- 
mentioned epoxy group-containing vinyl monomer-derived unit and the above-mentioned other copolymenzable vinyl 
monomer-derived unit, for example, by solution polymerization using a radical initiator. 

[0040] The hydroxy group-containing vinyl monomer species is not particularly restricted but includes, among others, 
2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate, 2-hydroxy butyl (meth)acrylate, 4-hydroxybutyl (meth) 

30 acrylate 2-hydroxyethyl vinyl ether, N-methylol(meth)acrylamide, 4-hydroxystyrene vinyltoluene, TOAGOSEI's Aronix 
5700 4-hydroxystyrene, NIPPON SHOKUBAI's HE-10, HE-20. HP-1 and HP-20 (each being a hydroxy group-termi- 
nated acrylic acid ester oligomer). NOF Corp.'s Blemmer PP series (polypropylene glycol methacrylate), Blemmer PE 
series (polyethylene glycol monomethacrylate), Blemmer PEP series (polyethylene glycol polypropylene glycol meth- 
acrylate) Blemmer AP-400 (polypropylene glycol monoacrylate), Blemmer AE-350 (polyethylene glycol monoacrylate), 

as Blemmer NKH-5050 (polypropylene glycol polytrimethylene monoacrylate) and Blemmer GLM (glycerol monometh- 
acrylate), and e-caprolactone-modified hydroxyalkyl vinyl copolymer compounds obtained by reacting hydroxy group- 
containing vinyl compounds with e-caprolactone. . 
[0041] These hydroxy group-containing vinyl monomers may be used singly or two or more of them may be used in 

admixture. .... 
40 [0042] When said (x) component is a hydroxy group-containing one, the hydroxy group-containing vinyl monomer 
is preferably used in an amount of 2 to 50% by weight, more preferably 5 to 40% by weight, relative to the total amount 
of the components to be copolymerized. When the amount of such monomer is in excess of 50% by weight, the water 
resistance and acid resistance of the coatings formed by using the curable composition shows a tendency toward 
decrease 

45 [0043] The hydroxy equivalent of said resin (x) component is preferably 500 to 7,000 g/mole, more preferably 600 
to 5,000 g/mole, still more preferably 700 to 3,000 g/mole. When such hydroxy equivalent is in excess of 7,000 g/mole, 
the heat curability of the composition tends to be poor. 

[0044] Said (x) component may further contain a carboxyl group or groups. The carboxyl group^ontaming (x) com- 
ponent can be prepared, for example, from units derived from a carboxyl group-containing polymerizable vinyl corn- 
so pound and from an epoxy group-containing vinyl monomer and a unit derived from some other copolymenzable vinyl 
monomer, among others, by solution polymerization using a radical initiator, for instance. Said (x) component may also 
comprise a unit derived from the above-mentioned hydroxy group-containing vinyl monomer. 
[0045] Said (y) component is a carboxyl group-containing compound. As said (y) component, there may be mentioned 
a carboxyl group-containing vinyl copolymer (y)-i component. Said carboxyl group-containing vinyl copolymer has at 
55 least two carboxyl groups per molecule. The carboxyl group-containing vinyl copolymer (y)-i component can be pre- 
pared, for example, by solution polymerization of a carboxyl group-containing polymerizable vinyl compound with the 
above-mentioned other copolymerizable vinyl monomer using a radical initiator. 

[0046] Alternatively, said (y) component can be prepared by subjecting acid anhydride groups in the copolymer which 
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is obtained by radical-polymerizing an acid anhydride group-containing radically polymerizable monomer and the 
above-mentioned other copolymerizable vinyl monomer to half esterification. 

r00471 As the carboxyl group-containing polymerizable vinyl compound, there may specifically be mentioned half 
esters of a B-ethylenically unsaturated carboxylic acids, such as acrylic acid, methacrylic acid, itaconic acd and maleic 
s acid or acid anhydrides thereof with a straight or branched alcohol containing 1 to 20 carbon atoms. As the acid 
anhydride group-containing radically polymerizable monomer, there may be mentioned itaconic anhydride, maleic an- 
hydride and citraconic anhydride, among others. 

[00481 The above-mentioned carboxyl group-containing polymerizable vinyl compound and acid anhydride group- 
containing radically polymerizable monomer preferably amount to 10 to 50% by weight, more preferably 1 5 to 40 /o by 

10 weight, on the basis of all the monomers. 

[0049] The half esterification agent to be used for said half esterification is a low-molecular-weight alcohol and, there 
may specifically be mentioned methanol, ethanol. n-propanol, isopropanol, n-butanol, isobutanol. tert-butanol, methyl 
cellosolve, ethyl cellosolve, dimethylaminoethanol, acetol, allyl alcohol, propargyl alcohol, and the like. Particularly 
preferred compounds are acetol, allyl alcohol, propargyl alcohol, ethanol and methanol. 

is [0050] The half esterification reaction is carried out in the conventional manner at a temperature within the range ot 
room temperature to 1 20'C in the presence of a catalyst. As said catalyst, there may be mentioned tertiary am.nes (e. 
g. triethylamine, tributylamine), quaternary ammonium salts (e.g. benzyltrimethylammonium chloride, benzyltrimethy- 
lammonium bromide, benzyltributylammonium chloride, benzyltributylammonium bromide). 
[0051] Furthermore, the (y) component preferably has at least two carboxyl groups per molecule. 

20 0052] The epoxy group-containing (y)-i component can be obtained, for instance, by subjecting the above^nentioned 
epoxy group-containing vinyl monomer to copolymerization in the step of (y)-i component preparation using the method 
mentioned above. 

[0053] From the viewpoint of curability, weather resistance, coat finish, etc., it is preferred that such epoxy group- 
containing (y)-i resin component have an epoxy equivalent of 200 to 2,000 g/mole, more preferably 230 to 1, 000 g/ 

25 mole, still more preferably 250 to 750 g/mole. . 

[0054] Further when at least two epoxy groups occur in each molecule, satisfactory curability can be obtained. 
[0055] Said (y) -i component may also contain a hydroxy group or groups. Such hydroxy group<:ontaining (y)-i com- 
ponent can be obtained by subjecting such a hydroxy group-containing vinyl monomer as mentioned above to copol- 
ymerization in the step of (y)-i component preparation by the method mentioned above. 

30 [0056] In cases where the (y)-i component is a hydroxy group-containing one, it is preferred that such resin have a 
hydroxy equivalent of 500 to 7,000 g/mole, more preferably 600 to 5,000 g/mole, still more preferably 700 to 3,000 g/ 
mole. When such hydroxy equivalent is in excess of 7,000 g/mole, the composition shows a tendency toward decreased 

heat curability. . . 

[0057] The carboxyl group-containing resin (y)-i component preferably has a number average molecular weight of 
35 1 000 to 20 000 more preferabty 2,000 to 10,000. A molecular weight lower than 1 ,000 will lead to unsatisfactory 
mechanical 'properties, among others. A molecular weight exceeding 20, 000 will lead to an increased viscosity, with 
the result that the solid matter concentration should be decreased in the step of coating. It is also preferred that at least 
two carboxyl groups occur in each molecule. When there is only one carboxyl group, insufficient curability is obtained 
as the case may be. 

40 [0058] As the (y) component, mention may also be made of a carboxyl group-containing oligomer compound (y)-n 
component Said carboxyl group-containing oligomer compound is a compound having at least two carboxyl groups 
per molecule and, while glutamic acid and a like compound can be used, it is preferably a compound obtained by 
subjecting a polyol compound having at least two, preferably two to ten, hydroxy groups per molecule and an acid 
anhydride compound to half esterification and containing at least two carboxyl groups per molecule (such compound 

45 is hereinafter referred to as carboxylic acid oligomer) when the weather resistance, acid resistance, recoatabilrty or 
adhesion, among others, of the coatings obtained from the composition of the present invention are taken into consid- 

[0059] Said polyol compound containing at least two hydroxy groups per molecule to be used for synthesizing said 
carboxylic acid oligomer includes, among others, potyhydric alcohols such as ethylene glycol, 1,2- and 1,3-propylene 

so glycol 1 3-butanediol, 1 ,4-butanediol, 2,3-butanediol, 1 ,6-hexanediol, diethylene glycol, pentanediol, dimethylbutane- 
diol h'yd'rogenatedbisphenolA, glycerol, sorbitol, neopentyl glycol, 1 ,3-octanediol, 1 ,4-cyclohexanedimethanol, 2-me- 
thyl-1 3-propanediol, 1 ,2,6-hexanetriol, 1,2,4-butanetriol, trimethylolethane, trimethylolpropane, pentaerythntol, quini- 
tol mannitol, trishydroxyethyl isocyanurate, dipentaerythritol and trishydroxymethylethane; ring opening adducts de- 
rived from such a polyhydric alcohol and a lactone compound, such as ^butyrolactone or e-caprolactone; adducts 

55 derived from said polyhydric alcohol and an isocyanate compound, such as tolylene diisocyanate, diphenylmethane- 
diisocyanate, hexamethylene diisocyanate or isophoronediisocyanate, under an excess of such a polyhydric alcohol; 
adducts derived from said polyhydric alcohol and a vinyl ether compound, such as ethylene glycol drvinyl ether, poly- 
ethylene glycol divinyl ether, butanediol divinyl ether, pentanediol divinyl ether, hexanediol divinyl ether or 1 ,4-cyclohex- 
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-j. *u i ^, irt „i othflr .mrifir an excess of such a polyhydric alcohol; and condensates derived from said poly- 

anhydJe, mathylhexahydrophtha.ic anhydride, tetrahydrophthalic anhydnde and tnmel.Aic 

SrHydZC^ontaining carboxylic acid o.igomers can also be prepared by adjusting the ratio between the 
polyol compound and the acid anhydride compound to be reacted therewith. • 
SSl The carboxylic acid oligomer, which serves as the component (y)„, has a molecular weight of no more than 
SS. A moleciar weight exceeding 2,000 may possibly lead to a problem, name* reduces ,n curability and com- 
oatibilitv A oreferred range of the molecular weight is 1 00 to 1 ,800. 

?0063 A^ regards the proportion between the (x) component and (y) component, the (y) component, when „ is a (y)- 
Sone^tTprefelly used in an amount of 25 to 200 parts by weight, more preferably 50 to 1 50 parts by we,ght, 

£4? is in excess of 200 parts by weight, unreacted carboxyl groups 

lain uSorXrading to a reduction in chemical resistance. When it is less than 25 parts by weight, unfavorably 
^t^^bAart-d. hence the water resistance and weather resistance, among <^* *?SS 
rZhTos are reduced In cases where the (y)-ii component is used as the (y) component, the amount of the (y) .1 
c^ o' en! ^ to be ! s preferably 0. 1 to 1 00 parts by weight, more preferably 1 to 90 parts by weigh,, and st„, more 
oreferablv 1 to 80 parts by weight, per 100 parts by weight of the (x) component „, aalhnr 
fooesT When said amount of (y)-ii component is in excess of 100 parts by weight, the water res.stance and weathe 
^ZJl^^c^M^. When i, is less than 0.1 part by weight, the problem that the curabihty 

SST^TSSSLn mentioned above is an epoxy group- and carboxyl r^T^ZSooO 
006* The number average molecular weight of said (z) component is preferably within the range of 2 000 to 20 000 
SreferablJ wKhin the range of 3,000 to 10.000. although it is only required that said molecular weight be not less 
than 1 000 A number average molecular weight less than 1 ,000 will lead to poor mechanical properties^ and wate 
resistance among others. whHe a molecular weight exceeding 20.000 will lead to an increased v.sc^ 

concentration should be decreased in the step 0, coating. From ^^^^SST^ 
resistance etc the epoxy equivalent is preferably 200 to 2,000 g/mole. more preferably 400 to 1 ,500 9 /mole i 

of the carboxyl group results in insufficient curability. „u, oi „ oH 
raSl Where at least two carboxyl groups occur in each molecule, satisfactory curability can be obtained. 

5 Said (z^ ^componen^ can be prepared, for example, by subjecting the above-mentioned carboxyl group-con- 
S pSSSSZ compounded the above-mentioned epoxy group-containing vinyl monomer, together w,th 
the other copolvmerizable vinyl monomer, to solution polymerization using a radical initiator. 

00711 Th moTe ratio between the epoxy group and carboxyl group in the component (A) is preferably such that the 
num l of mo^es C W P«r 1 ™le of the carboxyl group (hereinafter referred to as 'epoxy 9^ps« 
Tup')" 

Tshowing or providing gL curability, acid resistance, weather resistance and water res.stance, among others, can 

be obtained. 

IS T H h e e c^nt SI! I™ Stance - ^ntion is a vinyl copolymer the main chain 

of wh chlubs'anS consists of a vinyl copolymer chain and which has. within the molecule thereof, at .east one 
SU^HSff»P ^und to a carbon atom as represented by the general formula (I) given hereinabove a a ma,n 
TX^sa^oL a side chain. In the present specification, the concept "hydrolyzable s.lyl group includes a 

9 slethTmain chain of said vinyl copolymer substantia.* consists of a vinyl ^^^^^ 
formed from the curable composftion of the present invention can have good wea ^^ 
ance, among others. Further, since the hydrolyzable silyl group .s bound to a carbon atom, the coat.ngs are excellent 

in water resistance, alkali resistance and acid resistance as well. ,„„ toH hu , hQ 

JoTs] While it is a requisite that, in the component (B), at least one hydrolyzable sily group ^™en^bytt.e 
Sove general formula (Should occur within the molecule, the presence of 2 to 10 such s.ly I g = 
then, the coatings formed from the resulting curable composition for coatings can have good solvent ^jsten^ 
0076] In the above general formula (I), R- is a hydrogen atom or an alkyl group containing 1 to 10 ca bon atoms 
preferably an a.kyl group containing 1 to 4 carbon atoms, such as methyl, ethyl, n-propyl, isopropyl n-bu yUsobu ty 
or tert bu J When R 1 is an alky, group containing more than 10 carbon atoms, the reactivity of the hy 'J 
grouj tend to decrease. It is unfavorable, too, that Ri is a group other than an alkyl group, for example a phenyl or 



9 



EP1 013 730 A1 



benzyl group, since it results in a decrease in the reactivity of the hydrolyzable silyl group. 

[0077] In the above general formula (I), R 2 is a hydrogen atom or a monovalent hydrocarbon group selected from 
among an alkyl group containing 1 to 10 carbon atoms, preferably an alkyl group containing 1 to 4 carbon atoms, such 
as mentioned above in relation to R 1 , an aryl group containing 6 to 10 carbon atoms, such as phenyl group, and an 
aralkyl group containing 7 to 10 carbon atoms, such as benzyl group. Among these, an alkyl group is preferred in view 
of the good curability of the composition of the present invention. 

[0078] The above vinyl copolymer can be produced, for example, by polymerizing comonomer components com- 
prising the following (1) and (2), among others: 

(1 ) Hydrolyzable silyl group-containing vinyl monomer (monomer (y-1 )); 

(2) Other copolymerizable monomer (monomer (y-2)). 

[0079] As said monomer (y-1 ), there may be mentioned the following: 
compounds represented by the general formula (II): 



R 7 Rf 

I I i 
CH -C-S i - (OR ) 3 _ a 



(II) 



wherein R 1 , R 2 and a are as defined above and R 7 represents a hydrogen atom or a methyl group, such as 

CH 2 =CHSi (OCH 3 ) 3 , 



I 3 



CH 2 -CHS i (OCH 3 ) 2 . 

CH 2 =C (CH 3 )Si (OCH 3 ) 3 , 



CH, 
I 3 



CH 2 «C (CH 3 ) Si (OCHg) 2 

CH 2 =CHSi (OC 2 H 5 ) 3 



I 3 

CH 2 -CHS i (OC 2 H 5 ) 2 . 



CH 2 =CHSi (OC 3 H 7 ) 3 , 
CH 2 =CHSi (OC 4 H 9 ) 3 , 
CH 2 =CHSi (OC 6 H l3 ) 3 , 
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CH 2 =CHSi (OC 8 H l7 ) 3) 

CH 2 =CHSi (OC 10 H 21 ) 3 , 
compounds represented by the general formula (III): 



7 p2 
R R 



I I* i 

CH c _COO CCtt 2 ) n S I- (OR*) (I I I) 



wherein R 1 , R 2 , R 7 and a are as defined above and n represents an integer of 1 to 12, such as 

CH 2 =CHCOO(CH 2 ) 3 Si (OCH 3 ) 3 , 



CH 3 

I 3 



CH 2 «CHCOO (CH 2 ) gSi (OCHg) 2 . 



CH 2 =C (CH 3 ) COO (CH 2 ) 3 Si (OCH 3 ) 3 , 

CH, 
I 3 

CH 2 -C CCH 3 ) COO (CH 2 ) 3 Si (OCH 3 ) 2 

CH 2 =CHCOO (CH 2 ) 3 Si (OC 2 H 5 ) 3 , 

CH. 
I 3 

CH 2 -CHCOO (CH 2 ) 3 S i COC 2 H 5 ) 2 > 

CH 2 =C (CH 3 ) COO (CH 2 ) 3 Si (OC 2 H 5 ) 3 , 



CH- 

I 3 

CH 2 = C CCH 3 ) COO (CH 2 ) 3 Si (OCgHg) 2 



CH 2 =C (CH 3 ) COO (CH^ Si (OCH 3 ) 3 , 
compounds represented by the general formula (IV): 
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Cff 2 =.C-CH 2 OCO^J-COO <CH 2 ) B 8 i - (OR 1 ) 3-A 

(IV) 



wherein R 1 , R 2 , R 7 a and n are as defined above, such as 



CH 2 =CH-CH 2 OCO (o-C 6 H 4 ) COO (CH 2 ) 3 Si (OCH 3 ) 3 , 



75 



20 



CH. 



CH 2 «CH-CH 2 OCO Co-C 6 H 4 ) COO CCH 2 ) jSi (OCH3) 2 



compounds represented by the general formula (V): 



30 



35 



R ' 

CH 2 -C-C00 CCH 2 ) 2 -0-CH 2 -CH-CH 2 -0-(CH 2 ) 3- 

OH 



CHg CH 3 

| 3 I 



CH, 



L Si-O-CSi-O) p -SMCH 2 ) g-0-CH 2 -CH-CH 2 — , 



CH 3 CH 3 



CH, 



I 

OH 



1 , 



CV) 



wherein R 1 , R 2 , R 7 and a are as defined above and p represents an integer of 0 to 22, such as 



40 



45 



50 



55 
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CH 2 -C (CH 3 ) COO (CH 2 > 2 -0-CH 2 -CH-CH 2 -0- 

OH 



CH 3 CH 3 CH 3 






* d i i p l 


3-0 


-CHn-CH 
2 I 


CH 3 Ctt 3 CH 3 




OH 


L CH 2 -NH-(CK 2 ) 3 -Si COCH 3 ) 3 . 






ch 2 -c cch 3 ) coo <ch 2 ) 2 -o-ca 2 - 


CH- 

I 


CH 2 -0-n 




OH 





CH 3 CH 3 



CH. 



L-<CH 2 ) g-S l-0-€Sl-0>-^Sl-(CH 2 ) 3 -0-CH 2 -CH- 



CH3 CHg 



CH. 



OH 



cs. 



L- CH 2 -NH-(CH 2 ) 3 -S t (OCH3) 2 



fwherein p represents an integer of 0 to 20]; 

and (meth)acrylates terminally having the hydrolyzable silyl group ot the above general formula (II) via urethane bondmg 
or siloxane bonding. These may be used singly or two or more of them may be used in combinat.on. Among those 
mentioned above, compounds represented by the above general formula (IV) are preferred since they are easy to 
handle, are inexpensive and do not cause byproduct formation. 

[0080] The monomer (y-1) is preferably used in an amount of 5 to 60% by weight, more preferably 10 to 50 k by 
weight based on the total amount of all the comonomer components. When such monomer (y-1 ) is used in an amount 
smaller than 5% by weight, the coatings formed from the resulting curable composition tend to show insufficient acid 
resistance. When it is used in an amount exceeding 60% by weight, the storage stability of the curable composition 

tends to decrease. . . 

[0081] As said monomer (y-2), there may be mentioned, among others, (meth)acrylic acid derivatives such as methyl 
(meth)acrylate, ethyl (meth)acrylate, n-butyl (meth)acrylate, isobutyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, stear- 
yl (meth)acrylate, benzyl (meth)acrylate. cyclohexyl (meth)acrylate, trifluoroethyl (meth)acrylate, pentaf uoropropy 
(meth)acrylate, perfluorocyclohexyl (meth)acrylate, (meth)acrylonitrile, glycidyl (meth)acrylate, dimethylaminoethyl 
meth)acrylate, diethylaminoethyl (meth)acrylate, (meth)acrylamide, a-ethyl (meth)acrylamide, N-methyl (meth)acry- 
lamide N N-dimethyl (meth)acrylamide, N-butoxymethyl(meth)acrylamide, macromonomers which are compounds 
such as AS-6 AN-6 AA-6, AB-6, AK-5, etc. (products of TOAGOSEI), phosphate ester group-containing vinyl com- 
pounds such as condensation products from an a,p-ethylenically unsaturated carboxylic acid hydroxyalkyl ester (e.g. 
a hydroxyalkyl (meth)acrylate) and phosphoric acid or a phosphoric acid ester, and urethane or siloxane bond^on- 
taining (meth)acrylates; aromatic hydrocarbon vinyl compounds such as styrene, a-methylstyrene, chlorostyrene, sty- 
renesulfonic acid, 4-hydroxystyrene and vinyltoluene; unsaturated carboxylic acids such as maleic acid, f umaric acid 
and itaconic acid, and salts thereof such as alkali metal salts, ammonium salt and amine salts; unsaturated carboxylic 
acid anhydrides such as maleic anhydride, and unsaturated carboxylic acid esters derived therefrom such as diesters 
or half esters with a straight or branched alcohol containing 1 to 20 carbon atoms; vinyl esters and allyl compounds 
such as vinyl acetate, vinyl propionate and diallyl phthalate; amino group-containing vinyl compounds such as vinylpy- 
ridine and aminoethyl vinyl ether; amide group-containing vinyl compounds such as itaconic acid diamide, crotonamide 
maleic acid diamide, fumaric acid diamide and N-vinylpyrrolidone; and other vinyl compounds such as me hyl vinyl 
ether cyclohexyl vinyl ether, vinyl chloride, vinylidene chloride, chloroprene, propylene, butadiene, isoprene, fluoroole- 
fin maleimide, N-vinylimidazole and vinylsulfonic acid. These may be used singly or two or more of them may be used 

[oS b ' n Tne hydrolyzable silyl group equivalent in the component (B) is preferably 500 to 7,000 g/mole, more prefer- 
ably 550 to 5,000 g/mole, still more preferably 650 to 4, 000 g/mole, since, then, curable compositions capable of 
showing or providing good heat curability, acid resistance and weather resistance, among others, can be obtained. 
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70 



75 



20 



25 



v«„ -* ***** «• 9 ™p - - - 500 *"~ " ~ te,8aS6S *" " * " 

containing vinyl monomer (monomer (y-3)). o-hvdroxvethyl (meth)acrylate. 1 -hydroxy propyl (meth)acrylate 

r 0 085] Said monomer (y-3) includes, among o hers hy « Vj > > Afonjx 5700 (prodU ct of 

2-hydroxypropy. (meth)acryla.e, W^ 6 ^^ such as HE-10, HE-20, HP-1 

TOAGOSEI), 4-hydroxystyrene, hydroxy W^'^p^^^ene glycol methacrylate), Blemmer PE 
and HP-20 (products of NIPPON SHOKUBAI), ^^^^^^^ifctit polypropylene glycol mi- 
series (polyethylene glycol monomethacry.ate) Bternr^^ ^ethylene glycol monoac^late), 
acrylate), Blemmer AP-400 ^"^f^^ and Blemmer GLM (gr/cero. monometh- 
B,emmerNKH-5050 ( po,yP S 

§!I==E5^ 

I 

LoC B ,CB,0-icH 1 CH ! CB ! CH,CH,0^-, « <V» 

,0037, Spe*.*^.^^^^^ 
3. group, q = 1) (bolt. b*9 P"** °< ucc >' „, d lliem may be US „J comblmrjly. 

acrylate is particularly preferred. nmllo -containinq one the above monomer (y-3) is preferably used in 

[0090] When the component (B) ,s a hydroxy ^S^^'J^^'b^ed on th e total amount of all the comonomer 
an amount of 2 to 50% by weight, more preferabry 2 » 5 ^™^J by weight , the water resistance and 
components. When such monomer (y-3 is used excess 

[0092] Said component (B) may have an epoxy ^group o. _groupj ; as ^w . oned group . CO ntaining 

0093] The epoxy group 'ntroduct.on may be ^J^JJ^J ™ onomer is preferably used in an amount of 5 
vinyl monomer to copolymenzat.on. Sa.d epoxy the total amount of all the comonomer components. 

toiV/o by weight, more P referabty7to 40% b^ 

^^c^^^~^ : ^ « - ^ * excess of 50% by wei9M ' ,he 

water resistance and compatibility with other ^ ^^^ the epoxy epuival ent thereof is preferably 200 

:™r»^^ 

formed from the resulting curable composition. inve ntion can be produced from a copolymer 

[0096] The vinyl copolymer to be us * d ^ like by the methods described in JP 

component containing the above-mentionedmonomers <y ^ ), <y *MY ' 
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Kokai S54-36395 and JP Kokai S57-55954, among others. Because of ease of synthesis and for other reasons, it is 
preferable to produce it by solution polymerization using an azo radical polymerization initiator such as azobisisobu- 
tyronitrile. 

[0097] Any nonreactive solvent may be used as the polymerization solvent in the above solution polymerization 
without any particular limitation and, for example, mention may be made of hydrocarbons such as toluene, xylene, n- 
hexane and cyclohexane; acetate esters such as ethyl acetate and butyl acetate; alcohols such as methanol, ethanol, 
isopropanol and n-butanol; ethers such as ethyl cellosolve, butyl cellosolve and cellosolve acetate; and ketones such 
as methyl ethyl ketone, ethyl acetoacetate, acety (acetone, diacetone alcohol, methyl isobutyl ketone and acetone. 
[0098] The above polymerization solvents may be used singly or two or more of them may be used in combination. 
Since, however, when an alcohol, such as methanol or butanol is used in an amount of less than 0.01 part by weight 
per 100 parts by weight of the comonomer components, gelation may possibly occur during polymerization, it is rec- 
ommended that the alcohol be contained in an amount of 0.01 to 30 parts by weight per 100 parts by weight of the 
comonomer components. 

[0099] The molecular weight of the vinyl copolymer to be obtained may be adjusted by using a chain transfer agent 
in the step of the above solution polymerization. 

[0100] As specific examples of said chain transfer agent, there maybe mention, among others, n-dodecyl mercaptan, 
tert-dodecyl mercaptan, n-butyl mercaptan, ^mercaptopropyltrimethoxysilane, y-mercaptopropyltriethoxysilane, y- 
mercaptopropylmethyldimethoxysilane, y-mercaptopropylmethyldiethoxysilane, (CH 3 0)3Si-S-S-Si(OCH 3 ) 3 and 
(CH 3 0) 3 Si-S 8 -Si(OCH3)3. These may be used singly or two or more of them may be used in combination. 
[0101] The use of a chain transfer agent having a hydrotyzable silyl group within the molecule thereof, such as the 
above-mentioned Y-mercaptopropyltrimethoxysilane, is preferred since the hydrolyzable silyl group can be introduced 
into the vinyl copolymer at a main chain terminus. The chain transfer agent is preferably used in an amount of 0.1 to 
10% by weight based on the total amount of all the copolymerizable components. 

[0102] The above component (B) is preferably used in an amount of 1 to 200 parts by weight per 100 parts by weight 
of the above component (A). When the component (B) amounts to less than 1 part by weight, the effect of improving 
the appearance tends to be insufficient. 

[0103] When its amount exceeds 200 parts by weight, the storage stability tends to decrease. The amount of the 
component (B) to be used is more preferably 1 to 150 parts by weight, still more preferably 1 to 100 parts by weight, 
most preferably 1 to 50 parts by weight, per 100 parts by weight of the component (A). 
[0104] The component (C) is now described. 

[0105] The silicon compound represented by the following general formula (VII): 

(R 3 0) 4 . b SiR 4 b (VII) 

and/or a partial hydrolyzate condensate thereof, which is the component (C) to be employed in accordance with the 
present invention, serves as a component for improving the stain resistance of the coatings formed from the resulting 
curable composition. 

[0106] In the above general formula (VII), R 3 represents a hydrogen atom or a monovalent hydrocarbon group se- 
lected from among an a Iky I group containing 1 to 10 carbon atoms, preferably an alky I group containing 1 to 4 carbon 
atoms, an aryl group, preferably an aryl group containing 6 to 10 carbon atoms, and an aralkyl group, preferably an 
aralkyl group containing 7 to 10 carbon atoms. R 4 represents a monovalent hydrocarbon group selected from among 
an alkyl group containing 1 to 10 carbon atoms, preferably an alkyl group containing 1 to 4 carbon atoms, an aryl group, 
preferably an aryl group containing 6 to 10 carbon atoms, and an aralkyl group, preferably an aralkyl group containing 
7 to 10 carbon atoms. Since a is an integer of 0 to 2, two to four (PPO) groups are present in each molecule. It is not 
always necessary, however, that the plurality of R 3 groups in these (R 3 ^ groups is identical. As regards R 4 as well, 
the R 4 groups, when present in plurality, are not required to be identical. 

[0107] As specific examples of the above silicon compound, there may be mentioned, among others, tetraalkyl sili- 
cates such as tetramethyl silicate, tetraethyl silicate, tetra-n-propyl silicate, tetraisopropyl silicate, tetra-n-butyl silicate, 
tetraisobutyl silicate and tetra-tert-butyl silicate; trial koxysi lanes and triaryloxysilanes, for example alkyttrialkoxysilanes 
such as methyltrimethoxysilane, methyltriethoxysilane, octadecyltriethoxysilane, methyl-sec-octyloxysilane, methyltri- 
isopropoxysilane and methyltributoxysilane, aryltrial koxysi lanes such as phenyltrimethoxysilane and phenyltriethox- 
ysilane, alkyltriaryloxysi lanes such as methyltriphenoxysilane, glycidoxytrialkoxysilanes such as 3-glycidoxypropyltri- 
methoxysilane; and the like. 

[0108] As the partial hydrolyzate condensate of the above silicon compound, there may be mentioned the products 
obtained by adding the above tetraalkyl silicates, trial koxysilanes or triaryloxysilanes, for instance, to water in the 
conventional manner to cause partial hydrolysis and condensation, and the products derived from the above tetraalkyl 
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silicates by hydrolysis in an alcohol solvent in the presence of an acidic substance and water. As specific examples 
thereof, there may be mentioned, among others, tetraalkyl silicate partial hydrolyzate condensates such as MSI51, 
ESI40, HAS-1 and HAS-10 (products of Colcoat), and MS51, MS56 and MS56S (products of Mitsubishi chemical). 
[0109] Such components (C) as mentioned above may be used singly or two or more of them may be used in com- 
bination. In view of the compatibility between component (A) and component (B), the curability of the resulting com- 
position and preventing the stain substance establishing because of the high hardness of the coatings formed from 
said composition, the tetraalkyl silicates, such as ESI28, and/or partial hydrolyzate condensates of tetraalkyl silicates, 
such as MS51 , MS56, MS56S and HAS-1 , are preferred. 

[0110] The component (C) is preferably admixed in an amount of 1 to 100 parts by weight, more preferably 1 to 80 
parts by weight, still more preferably 5 to 80 parts by weight, per 100 parts by weight of the component (A) . When the 
amount of the component (C) is less than 1 part by weight, the antistaining effect is insufficient while, in an amount 
exceeding 100 parts by weight, the impact resistance lowers. 

[0111] The curable composition for coatings of the present invention preferably comprises 100 parts by weight of the 
component (A), 1 to 100 parts by weight of the component (B) and 1 to 100 parts by weight of the component (C). The 
curable composition for coatings can gain a good balance of, among others, a stain resistance and a finish appearance 
because of the mixed ratio. 

[0112] As mentioned hereinabove, WO 98/07797 discloses a curable composition (a) for coatings which comprises 
an epoxy group-containing resin (A) component, a carboxyl group-containing compound (B) component and a silicate 
(C) component as well as a composition derived from said composition by introducing a hydrolyzable silyl group into 
the (A) component, namely a curable composition (P) for coatings which comprises a hydrolyzable silyl group- and 
epoxy group-containing resin (A) component, a carboxyl group-containing compound (B) component and a silicate (C) 
component. On the contrary, the curable composition for coatings of the present invention comprises an acid group- 
and epoxy group-containing component (A), a hydrolyzable silyl group bound to a carbon atom - containing component 
(B), and a silicate compound component (C). Thus, as compared with the known coating compositions mentioned 
above, the curable composition for coatings of the present invention differs from the curable composition ( a ) for 
coatings in comprising a hydrolyzable silyl group-containing polymer and from the curable composition (P) for coatings 
in comprising the hydrolyzable silyl group-containing polymer and epoxy group-containing compound as different com- 
ponents. 

[011 3] For refining the coated article in appearance, a leveling agent is generally added to coating compositions so 

that the finish appearance may be improved. On the other hand, the curable composition for coatings of the present 

invention comprises a hydrolyzable silyl group-containing polymer, so that it can provide a good appearance and a 

satisfactory finish appearance without adding any leveling agent. It is of course possible, however, to submit the curable 

composition for coatings of the present invention to coating with addition of a leveling agent. 

[0114] The curable composition for coatings of the present invention has good storage stability because of the fact 

that it contains the hydrolyzable silyl group-containing polymer and epoxy group-containing compound as separate 

components, namely that at least part of the epoxy groups exist in a compound different from the hydrolyzable silyl 

group-containing polymer. 

[0115] The component (D) is now described. 

[0116] In the curable composition of the present invention, a curing catalyst component (D) is appropriately used. 
[01 1 7] Any compound useful as a curing catalyst for hydrolyzable silyl group-contain ing compounds or any compound 
used for the esterification reaction between an acid and epoxy can be used as the curing catalyst component (D), 
without any particular limitation. 

[0118] As specific examples of the curing catalyst component (D), there may be mentioned, among others, organotin 
compounds such as dibutyltin dilaurate, dibutyltin dimaleate, dioctyltin dilaurate, dioctyltin dimaleate and stannous 
octoate; phosphoric acid or phosphate esters such as phosphoric acid, monomethyl phosphate, monoethyl phosphate, 
monobutyl phosphate, monooctyl phosphate, monodecyl phosphate, dimethyl phosphate, diethyl phosphate, dibutyl 
phosphate, dioctyl phosphate and didecyl phosphate; addition reaction products from phosphoric acid and/or phos- 
phoric acid monoester and an epoxy compound such as propylene oxide, butylene oxide, cyclohexene oxide, glycidyl 
methacrylate, glycidol, acryl glycidyl ether, y-glycidoxypropyltrimethoxysilane, y-glycidoxypropyltriethoxysilane, y-glyci- 
doxypropylmethyldimethoxysilane, Yuka Shell Epoxy's Cardura E, Yuka Shell Epoxy's Epikote 828 or Epikote 1001; 
organic titanate compounds; organoaluminum compounds; organozinc compounds; carboxylic acid compounds (or- 
ganic carboxylic acid compounds) such as maleic acid, adipic acid, azelaic acid, sebacic acid, itaconic acid, citric acid, 
succinic acid, phthalic acid, trimellitic acid and pyromellitic acid, and anhydrides thereof; sulfonic acid compounds 
(organic sulfonic acid compounds) such as dodecylbenzenesulfonic acid, paratoluenesulfonic acid, 1 -naphthalenesul- 
fonic acid and 2-naphthalenesulfonic acid, and blocked sulfonic acid compounds (acid-am ine reaction products) de- 
rived from the above sulfonic acid compounds by blocking with a nitrogen-containing compound (e.g. 1 -amino-2-pro- 
panol, monoethanolamine, diethanolamine, 2-(methylamino)ethanol, 2-dimethylethanolamine, 2-amino-2-methyl- 
1-propanol, diisopropanolamine, 3-aminopropanol, 2-methylamino-2-methylpropanol, morphoiine, oxazolidine, 
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4,4-dimethyloxazolidine, 3,4,4-trimethyloxazolidine), (for example KING INDUSTRIES' NACURE 5225, NACURE 5543 
and NACURE 5925); amines such as hexylamine, di-2-ethylhexylamine, N.N-dimethyldodecylamine, dodecylamine, 
DABCO, DBU, morpholine and diisopropanolamine; reaction products from these amines and acidic phosphate esters; 
alkaline compounds such as sodium hydroxide and potassium hydroxide, quaternary ammonium salts such as ben- 
5 zyltriethylammonium chloride or bromide, tetrabutylammonium chloride or bromide, and phosphonium salts. These 
curing catalysts may be used singly or two or more of them may be used in combination. 

[0119] The curing catalyst component (D) is preferably used in an amount of 0.001 to 10 parts by weight per 100 
parts by weight of the total solid matter of the components (A), (B) and (C). 

[0120] Further, other ingredients which may be used in the curable composition of the present invention are de- 
10 scribed. 

[0121] A solvent is adequately used in the curable composition of the present invention. The species thereof is not 
particularly restricted but may be any solvent capable of dissolving or stably dispersing alt the components (A), (B) 
and (C). As typical examples, there may be mentioned hydrocarbons such as toluene, xylene, cyclohexane, n-hexane 
and octane, alcohols such as methanol, ethanol, isopropanol, n-butanol, isobutanol, sec-butanol, tert-butanol, ethylene 
is glycol monoalkyl ethers, esters such as methyl acetate and butyl acetate, and ketones such as acetone, methyl ethyl 
ketone, methyl isobutyl ketone and cyclohexanone. The solvent used in synthesizing the component (A) or (B) may 
be used as said solvent just as it is. 

[0122] The weather resistance of the curable composition for coatings of the present invention can further be im- 
proved by incorporating a weather resistance improving agent such as an ultraviolet absorber or a light stabilizer. 

20 [0123] Said ultraviolet absorber includes, among others, benzophenones, triazoles, phenyl salicylates, diphenylacr- 
ylates, and acetophenones. These may be used singly or two or more of them may be used in combination. 
[0124] Said light stabilizer includes, among others, bis(2,2,6,6-tetramethyl-4-piperidyl) sebacate, bis(1,2,2,6,6-pen- 
tamethyl-4-piperidyl) sebacate, bis(1 ,2,2, 6, 6-pentamethyl-4-piperidyl) 2-(3,5-di-tert-butyl-4-hydroxybenzyl)-2-n-butyl- 
malonate, tetrakis(2,2,6,6-tetramethyl-4-piperidyl) 1 ,2,3,4-butanetetracarboxylate, andtetrakis(1 ,2,2,6,6-pentamethyl- 

25 4-piperidyl) 1 ,2,3,4-butanetetracarboxylate. These may be used singly or two or more of them may be used in combi- 
nation. 

[0125] Said ultraviolet absorber is generally used in an amount of 0.1 to 10 parts by weight, preferably 1 to 5 parts 
by weight, per 100 parts of the resin solids in the curable composition. 

[0126] Said light stabilizer is generally used in an amount of 0.1 to 10 parts by weight, preferably 1 to 5 parts by 

30 weight, per 100 parts of the resin solids in the curable composition. 

[0127] The curable composition for coatings of the present invention can be produced by adequately mixing up the 
above acid group- and epoxy group-containing component (A), the above hydrolyzable silyl group bound to a carbon 
atom -containing component (B) and the above component (C) consisting of a silicate compound, and the method of 
production thereof is not particularly restricted. It is preferable, however, to employ the method comprising separately 

35 packing the above acid group- and epoxy group-containing component (A) as a composition for coatings, and the 
above component (B) having a hydrolyzable silyl group bound to a carbon atom and the above component (C) com- 
prising a silicate compound as a resin composition for coatings, for mixing together prior to use. 
[01 28] The composition for coatings comprising the component (A) and the resin composition for coatings comprising 
the component (B) and the component (C) are mixed together. Since the obtained curable composition for coatings 

40 contains the hydrolyzable silyl group-containing polymer as one component and the epoxy group-containing compound 
as the other component, it shows a improved finish appearance such as luster and clarity or sharpness and a improved 
storage stability compared with a conventional composition for coatings. Accordingly, the curable composition for coat- 
ings of the present invention can provide a satisfactory appearance without further adding a leveling agent. 
[0129] A resin composition for coatings which is intended for producing the curable composition for coatings of the 

45 invention by mixing with the above composition for coatings which comprises the acid group- and epoxy group-con- 
taining component (A) and which resin composition consisting of the above component (B) having a hydrolyzable silyl 
group bound to a carbon atom and the above component (C) consisting of a silicate compound also falls under an 
aspect of the present invention. 

[01 30] By adding the resin composition for coatings which comprises the above components (B) and (C), in the step 
50 of preparing a curable composition for coatings using the composition for coatings which comprises the above com- 
ponent (A), it is possible to attain a satisfactory finish appearance without using any leveling agent. It is to be noted, 
however, that the spirit of the present invention does not exclude the use of a leveling agent. 
[0131] The resin composition for coatings of the present invention preferably has a mixing ratio between the com- 
ponents (B) and (C) such that said component (B) amounts to 1 to 100 parts by weight and said component (C) amounts 
55 to 1 to 1 00 parts by weight per 1 00 parts by weight of said component (A) comprised the above-mentioned composition 
for coatings. The curable composition for coatings having a good balance of a stain resistance, a finish appearance 
and a storage stability can be obtained because of the mixed ratio. 

[0132] In the following, an example of the coating process using the curable composition of the present invention is 
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described. 

[0133] First, a coating composition or paint containing a metallic powder and/or a color pigment is applied to an 
article or substrate to be coated and, then, a top coat clear coating composition or a paint comprising, as the main 
component thereof, the curable composition of the present invention is applied to the surface of the above coated article. 

5 [01 34] Said metallic powder- and/or color pigment-containing coating composition or paint (base coat) is not partic- 
ularly restricted but includes, among others, those comprising, as the main component, an aminoalkyd resin, oil-free 
alkyd resin, thermosetting acrylic resin, thermosetting urethane resin, nitrocellulose lacquer, modified acrylic lacquer, 
straight acrylic lacquer, cold-setting urethane resin, acrylic enamel resin, oxidation-curable alkyd resin, oxidation-cur- 
able modified (e.g. CAB) alkyd resin, cold-setting or heat-curable fluorine resin, hydrolyzable silyl group-containing 

10 resin or the curable composition of the present invention, or a mixture of these, with a metallic powder and/or a color 
pigment incorporated therein. 

[0135] Said metallic powder- and/or color pigment-containing coating composition or paint may be any one of the 
solution type with an organic solvent as the medium or the vehicle, or the nonaqueous dispersion type, multican type, 
powder type, slurry type or aqueous type, or the like. 

75 [01 36] The metallic powder and the color pigment are not particularly restricted but may be any of the conventional 
ones. As specific examples of the metallic powder, there may be mentioned, among others, aluminum powder, copper 
powder and mica powder and, as specific examples of the color pigment, there may be mentioned, among others, 
organic pigments such as phthalocyanine blue, toluidine red, benzidine yellow, and inorganic pigments such as titanium 
oxide, carbon black and iron oxide red. These metallic powders and color pigments may be used singly or two or more 

20 of them may be used in combination. 

[0137] The weather resistance of the coated article can further be improved by incorporating the above-mentioned 
ultraviolet absorber and/or light stabilizer in the base coat. 

[0138] The above-mentioned silicon compound (e.g. aminosilane compound) may be incorporated in the metallic 
powder- and/or color pigment-containing coating composition to thereby improve the adhesion of the coat film thereof 
25 to the top coat clear film. 

[0139] In that case, the silicon compound is generally used in an amount of not more than 20 parts by weight, pref- 
erably 0.5 to 1 0 parts by weight, per 1 00 parts by weight of the metallic powder- and/or color pigment-containing coating 
composition. 

[01 40] The coated article of the present invention has a base coat film and further thereon a top coat clear film and 
30 can be produced, for example, by the two-coat one-bake technique which comprises applying the above metallic pow- 
der- and/or color pigment-containing coating composition to the article to be coated and, after several minutes of setting, 
applying the top coat clear coating composition in the wet-on-wet manner, followed by curing by heating, or by the two- 
coat two-bake technique which comprises applying the metallic powder- and/or color pigment-containing coating com- 
position, curing the coating by heating, then applying the top coat clear coating composition and curing the coating by 
35 heating. 

[0141] The application of the top coat clear coating composition may be carried out by various conventional methods, 
for example by dipping, spraying, brushing or by using a roll coater or flow coaler. Thereafter, the coating can be cured 
by heating at a temperature not lower than 30°C, preferably 55 to 350°C. 

[0142] The coating thickness of the coat film on the coated article varies according to the field of application, hence 
40 cannot be generally specified. However, from the viewpoint for covering or hiding an article or substrate, among others, 
the coating thickness of the metallic powder- and/or color pigment-containing coating composition is preferably within 
the range of 10 to 30 urn and, from the viewpoint of durability, among others, the coating thickness of the top coat clear 
coating composition is preferably within the range of 20 to 50 um 

[0143] The curable composition for coatings of the present invention can show or provide good acid resistance, 
45 scratch resistance, appearance characteristics, heat curability and stain resistance, among others, and can provide 
very good weather resistance and, therefore, can preferably be used in top coatings for automobiles, industrial equip- 
ment, steel furniture, building interior and exterior, household electric appliances, and plastics products, for instance. 
In particular, it is suited for use in top coatings for automobiles. 

50 EXAMPLES 

[01 44] The following examples illustrate the curable composition for coatings of the present invention, and the coated 
article obtainable by applying said composition. It is to be noted that these examples are by no means limitative of the 
scope of the present invention. 

55 
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Synthesis Example 1 [Synthesis of epoxy group-containing resins ((x)-1 , (x)-2), epoxy group* and hydroxy group- 
containing resins ((x)-3, (x) -4) and a carboxy-containing vinyl copolymer ((y)-1)] 

[0145] A reactor equipped with stirrer, thermometer, reflux condenser, nitrogen inlet tube and dropping funnel was 
s charged with the materials specified under 'Part 2" in Table 1 and, while nitrogen gas was introduced, the temperature 
was raised to 105°C and a mixed solution composed of the materials specified under "Part V was added dropwise at 
a constant rate over 5 hours. 

[0146] Then, thereto was added dropwise a mixed solution composed of the materials specified under "Part 3" at a 
constant rate over 1 hour. Thereafter, the mixture was stirred at 1 05°C for 2 hours and then cooled to room temperature. 
io [0147] The solid concentration of the obtained solution and the number average molecular weight (determined by 
gel permeation chromatography (GPC)), epoxy equivalent and alcoholic hydroxy equivalent of the copolymer were as 
shown in Table 1. The epoxy equivalent and alcoholic hydroxy equivalent were determined by calculation. 
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Synthesis Example 2 [Synthesis of a carboxyl group-containing vinyl copolymer ((y)'-2)] 

[01 48] A polymer ((y)'-2) was synthesized by following the procedure of Synthesis Example 1 and using the materials 
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[OUrThe Ta sond 2 conoentration of the obtained solution and the number average mo.ecufcr weight (determined by 

£ 2oM mett^o were added to 192.3 parts by weight of the obtained polymer <(y)'-2), and the reaction was 
T:Tl P ™e*al 60-C tor 8 hours, to gle a polymer ((y)-2). Complete disappearance o, the acd anhydnde 
absorption (1 ,785 crrr 1 ) was confirmed by IR spectroscopy. 
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Part 


Composition 


Synthesis Example 

(y)'-2 


1 


Styrene 


15 


Cyclohexyl methacrylate 


20 


2-Ethylhexyl acrylate 


30 


Isobutyl methacrylate 


14.5 


Maleic anhydride 


20.5 


Solvesso 1 00 


20.5 


Propylene glycol monomethyl ether acetate 


4.1 


t-Butyl peroxy-2-ethylhexanoate 


5.7 


2 


Solvesso 1 00 


26 


3 


Xylene 


10 


t-Butyl peroxy-2-ethylhexanoate 


0.3 


Solid co 


ncentration (%) 


52 


I Number average molecular weight 


6000 



Synthesis Example 3 [Synthesis of carboxyl group-containing oligomer compounds ((y)-3, (y)-4)] 

[01511 A reactor equipped with stirrer, thermometer, reflux condenser, nitrogen gas inlet tube and dropp^funnel 
was Lrqed wrth the materials specified under "Part 1 ■ in Table 3 and, while nitrogen gas was .ntroduced the contents 
Z^^Z 15 minutes and then the materials specified under "Part T were added ™ " 
ToTm] Thereafter, the reaction was allowed to proceed at 1 20'C for 3 hours. Disappearance of the acd anhydnde 
absorption (1 ,785 cm- 1 ) was confirmed by IR spectroscopy. 



Part 


Composition 


(y)-3 


(y)-4 


1 


Triethylamine 


0.07 


0.07 


Pentaerythritol 


35 




Trimethylolpropane 




34 


Propylene glycol monomethyl ether acetate 


110 


76 


2 


Methylhexahydrophthalic anhydride 


169 




Hexahydrophthalic anhydride 




113 


Solid co 


ncentration (%) 


65 


66 


Number average molecular weight 


809 


597 



55 Synthesis Example 4 [Synthesis of epoxy group- and carboxyl group-containing vinyl copolymer «z)-1 )] 

[0153] A reactor equipped with stirrer, thermometer, reflux condenser, nitrogen gas inlet tube and dropping funnel 
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was charged with the materials specified under "Part 2" in Table 4 and, while nitrogen gas was introduced, the tem- 
perature was raised to 80°C and a mixed solution composed of the materials specified under Tart 1" was added 
dropwise at a constant rate over 3 hours. 

[0154] Then, thereto was added dropwise a mixed solution composed of the materials specified under "Part 3 P at a 
5 constant rate over 1 hour. Thereafter, the mixture was stirred at B0°C for 2 hours and then cooled to room temperature. 
[0155] The solid concentration of the obtained solution and the number average molecular weight (determined by 
gel permeation chromatography (GPC)), epoxy equivalent and mole ratio (epoxy groups/carboxyl group) were as shown 
in Table 4. 



Table 4 



Part 


Composition 


Synthesis Example 






(z)-1 


1 


Styrene 


20 




Cyclohexyl methacrylate 


20 




2-Ethylhexyl acrylate 


32 




Glycidyl methacrylate 


20 




Acrylic acid 


6 




Solvesso 100 


24 




1 -Butanol 


6 




t-Butyl peroxy-2-ethylhexanoate 


4.8 


2 


Solvesso 100 


40 




1 -Butanol 


10 


3 


Xylene 


10 




t-Butyl peroxy-2-ethyIhexanoate 


0.2 


Solid concentration (%) 


53 


Number average molecular weight 


5500 


Epoxy equivalent 


710 


Mole ratio (epoxy groups/carboxyl group) 


1.69 



Synthesis Example 5 [Synthesis of (B)-1, (B)-2 , (B)-3 and (B) -4] 

40 [0156] A reactor equipped with stirrer, thermometer, reflux condenser, nitrogen gas inlet tube and dropping funnel 
was charged with the materials specified under "Part 2" in Table 5 and, while nitrogen gas was introduced, the tem- 
perature was raised to 115°C and a mixed solution composed of the materials specified under Tart 1" was added 
dropwise at a constant rate over 4 hours. 

[0157] Then, thereto was added dropwise a mixed solution composed of the materials specified under "Part 3" at a 
45 constant rate over 1 hour. Thereafter, the mixture was stirred at 1 1 5°C for 2 hours and then cooled to room temperature. 
Finally, a mixed solution composed of the materials specified under "Part 4" was added and the resulting mixture was 
stirred. 

[0158] The solid concentration of the obtained solution and the number average molecular weight (determined by 
gel permeation chromatography (GPC)), hydrolyzable silyl group equivalent , alcoholic hydroxy group equivalent and 
so epoxy equivalent were as shown in Table 5. 
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Examples 1 to 11 and Comparative Examples 1 to 3 
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[0159] In Examples 1 to 10 and Comparative Examples 1 to 3, the polymers or compounds specified in Table 6 or 
7 were compounded together in the respective proportions shown in Table 6 or 7 on the solid matter basis. 
[0160] In each of Examples and Comparative Examples, 2 parts by weight of the ultraviolet absorber Tlnuvin 384 
and 1 part by weight of the light stabilizer Tinuvin 123 (products of Ciba Geigy) were further added per 100 parts by 
weight of the total resin solids. 

[0161] Further, in each of Examples and Comparative Examples, the corresponding composition with 0.4 part by 
weight of a leveling agent (DisperlonL-1 984-50; product of Kusumoto Kasei) added per 1 00 parts by weight of the total 
resin solids and the composition without addition of the leveling agent were prepared. 

[0162] This mixture was diluted with Solvesso 100 (petroleum-derived aromatic solvent; product of Exxon Chemical) 
by a Ford cup to result in viscosity of about 20 to 25 seconds and to give a top coat clear coating composition. 
[0163] In Example 11 , 80 parts by weight of (B)-3 ( the component (B) obtained in Synthesis Example 5, and 1 0 parts 
by weight (as solid matter) of the component (C) MS56S (product of Mitsubishi chemical) were mixed up in advance 
and the mixture was diluted with Solvesso 1 00 (petroleum-derived aromatic solvent; product of Exxon Chemical) to a 
solid concentration of 60% by weight. This solution was matured at 50°C for 4 hours to give a mixed solution, (E)-1 , 
comprising the components (B) and (C). 

[0164] The obtained component (E)-1 was compounded with the other components in the solid-basis proportions 
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shown in Table 6, and, the composition with 0.4 part by weight of a leveling agent (DisperlonL-1 984-50; product of 
Kusumoto Kasei) added per 100 parts by weight of the total resin solids and the composition without addition of the 
leveling agent were prepared, to give a top coat clear coating composition. 

[0165] Test specimens were prepared by applying an epoxyamide -based cationic electrodeposition primer for auto- 
5 mobiles and an intermediate surfacer to degreased and phosphated soft steel sheets. These were coated with a com- 
mercial acrylic melamine resin coating (black base coat; for stain resistance evaluation, white base coat). 
[0166] Then, the above-mentioned top coat clear coating composition was applied in the wet-on-wet manner and, 
after 20 minutes of setting, baking was carried out at 140°C for 30 minutes. 

[0167] The dry film thickness was about 1 5 jam for the base coat and about 50 urn for the clear top coat. 
10 [0168] The coat films thus obtained were evaluated for typical physical properties (1 . appearance characteristics; 2. 
heat curability; 3. acid resistance; 4. scratch resistance; 5. stain resistance; 6. hydrophilicity; 7. accelerated weather 
resistance) by the methods mentioned below. 
[0169] The results thus obtained are shown in Tables 6 and 7. 

is 1 . Appearance characteristics 

[0170] Each coat film was evaluated for image sharpness or clarity using an image clarity meter (product of Suga 
Shikenki; model ICM-1 DP; slit width: 1 mm). The higher the sharpness value, the better the appearance is. 

20 2. Heat curability (gel fraction) 

[0171] Each top coat clear coating composition was applied to a tin foil and baked at 120°C for 30 minutes, and the 
thus-obtained free clear film having a thickness of about 40 \xm was cut to a size of about 50 x 50 mm and wrapped 
up in a200-mesh stainless steel wire gauze accurately weighed beforehand (W 0 ) and the whole was accurately weighed 
25 (W^. Then, the whole was immersed in acetone for 24 hours. After this extraction procedure, the whole was dried and 
accurately weighed (W 2 ), and the gel fraction was calculated as follows: 

Gel fraction (%) = {(W 2 - VJ Q )/(\N V W Q )} x 100 

30 

3. Acid resistance 

[0172] 0.5 cc of 10% aqueous sulfuric acid was dropped onto a test sheet using a pipet. After heating at 80°C for 
30 minutes in a drier, the aqueous sulfuric acid was washed off with water. Then, the coat, film surface was observed 
35 for changes in appearance and evaluated according to the following criteria. 

10 points: No change as compared with the state before testing 
9 points: Slight change is observed 
8 points: A circular mark remains 
40 7 points: Slight discoloration and/or blistering is observed 

5 points: Luster reduction and/or discoloration is evident 
1 point : Film dissolution is observed 

4. Scratch resistance (gloss retention) 

45 

[0173] The test specimen (150 mm x 100 mm) provided with a coating was fixed horizontally and coated with an 
abrasive agent (a mixture of 1 .2% by weight of JIS Class 8 loam, 1 .2% by weight of JIS Class 11 loam, 0.6% by weight 
of kaolin, 1% by weight of a neutral detergent and 96% by weight'of water) at a coating weight of about 0.05 g/cm 2 , 
and a weight covered with kraft paper (contact surface diameter: 5 cm; load: 22 g/cm 2 ) was caused to stroke the surface. 
so [0174] The 20° gloss of the coat film surface was measured before and after 20 strokes by the weight using a gloss 
meter (product of MINOLTA; model GM-268). The gloss retention (%) after 20 strokes was calculated as follows: 

Gloss retention (%) = (gloss after strokinc/gloss before stroking) x 100 

55 

[0175] The higher the gloss retention, the better the scratch resistance is. 
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5. Stain resistance 

[0176] In Settsu City, Osaka Prefecture, Japan, outdoor exposure (southern, 30° ) was carried out for 6 months. The 
staining after exposure was evaluated by the eye. 
5 Evaluation criteria: 

O : Staining is almost inconspicuous 

A : Slight staining 

X : Considerable staining 

10 

6. Hydrophilicity 

[0177] The hydrophilicity evaluation was performed by measuring the contact angle with water before and after out- 
door exposure (southern, 30° ) in Settsu City, Osaka Prefecture, Japan, using a contact angle meter (product of Kyowa 
75 Kaimen Kagaku; model CA-S150) . The smaller the value, the higher the hydrophilicity is. 

7. Accelerated weather resistance 

[0178] According to JIS K 5400, weather resistance evaluation was performed using a sunshine carbon arc weath- 
20 erometer (product of Suga Shikenki). 

Test conditions: black panel temperature 63 ± 3°C, 18 minutes of raining during 120 minutes. 

[0179] After 2,500 hours, the test specimens were evaluated by the eye according to the following criteria. 

O : No abnormality 
25 OA: Adhesion of water marks or whitening is observed 

A : Luster reduction and water mark adhesion are evident 

8. Storage stability 

30 [0180] The components (A), (B) and (C) specified in each of Examples and Comparative Examples were mixed up, 
3 parts by weight of methyl orthoacetate was added on the resin solids basis as a dehydrating agent, and the resin 
solids concentration was adjusted to 50% using Solvesso 100. The resulting mixture was stored in a drier at 50°C for 
10 days and the viscosity was checked. 

35 o : Little change 

A : An increase in viscosity is observed 
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[0181] From the results shown in Tables 6 and 7, it was found that the coatings or coat films formed by using the 
coating compositions obtained in Examples 1 to 10 were all excellent in, among others, acid resistance, scratch re- 
sistance and stain resistance, at the same time, excellent in weather resistance. The coating compositions obtained 
in Examples 1 to 1 0 were all excellent in appearance even when no leveling agent was used. 
[0182] The curable composition for coatings of the present invention show good heat curability and the coat films 
formed from said composition have good acid resistance, scratch resistance and appearance characteristics, and the 
physical properties of coatings, such as stain resistance and weather resistance, are well balanced. Therefore, said 
composition is preferably used in top coat paint compositions for automobiles, industrial equipment, steel furniture, 
building interior and exterior, household electric appliances, plastics products and the like. In particular, the curable 
composition for coatings of the present invention is excellent with respect to appearance characteristics and can provide 
satisfactory appearance characteristics without adding any leveling agent. 

[0183] Articles coated with the curable composition for coatings of the present invention have such good character- 
istics as mentioned above. 

[0184] Furthermore, by blending the resin composition for coatings of the present invention with an acid/epoxy type 
curable coating composition or paint, a curable composition for coatings capable of providing improved appearance 
characteristics can be obtained. 



55 Claims 



1. A curable composition for coatings which comprises: a component (A) consisting of a resin (A-1) obtained by 
mixing an epoxy group-containing compound (x) component and a carboxyl group-containing compound (y) com- 
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ponent and/or a resin (A-2) based on an epoxy group - and carboxyl group-containing vinyl copolymer (z) compo- 
nent, 

a component (B) consisting of a vinyl copolymer whose main chain substantially consists of a vinyl copolymer 
chain and which has, within the molecule thereof, at least one hydrolyzable silyl group bound to a carbon atom 
as represented by the following general formula (I): 



i 

-Si-CR'OJj., (I) 



[wherein R 1 represents a hydrogen atom or an alkyl group containing 1 to 10 carbon atoms, R 2 represents a 
hydrogen atom or a monovalent hydrocarbon group selected from among an alkyl group containing 1 to 10 
carbon atoms, an aryl group containing 6 to 10 carbon atoms and an aralkyl group containing 7 to 10 carbon 
atoms and a represents an integer of 0 to 2], at one main chain terminus and/or on a side chain, and 
a component (C) consisting of a silicon compound represented by the following general formula (VII): 

(R 3 0 )4 . b SiR\ (VII) 

[wherein represents a hydrogen atom or an alkyl group containing 1 to 10 carbon atoms, an aryl group 
containing 6 to 1 0 carbon atoms or an aralkyl group containing 7 to 1 0 carbon atoms and the FP groups may 
be the same or different, R* represents an alkyl group containing 1 to 1 0 carbon atoms, an aryl group containing 
6 to 10 carbon atoms or an aralkyl group containing 7 to 10 carbon atoms and when there is a plurality of Fr 
groups, they may be the same or different, and b represents an integer of 0 to 2], and/or a part«al hydrolyzate 
condensate thereof. 

2 The curable composition for coatings according to Claim 1 , which comprises 100 parts by weight of the component 
(A), 1 to 100 parts by weight of the component (B) and 1 to 100 parts by weight of the component (C). 

3. The curable composition for coatings according to Claim 1 or 2, wherein the (x) component contains at least two 
epoxy groups per molecule and has an epoxy equivalent of 200 to 2,000 g/mole. 

4. The curable composition for coatings according to any of Claims 1 to 3, wherein the (x) component contains at 
least one hydroxy group per molecule and has a hydroxy equivalent of 500 to 7,000 g/mole. 

5. The curable composition for coatings according to any of Claims 1 to 4, wherein the (x) component contains at 
least one carboxyl group per molecule. 

6 The curable composition for coatings according to any of Claims 1 to S, wherein the (y) component is a vinyl 
copolymer ((y)-i component ) containing, on an average, two or more carboxyl groups per molecule. 

7. The curable composition for coatings according to Claim 6, wherein the (y) -i component contains at least two 
epoxy groups per molecule and has an epoxy equivalent of 200 to 2,000 g/mole. 

8. The curable composition for coatings according to Claim 6 or 7, wherein the (y)-i component contains at least one 
hydroxy group per molecule and has a hydroxy equivalent of 500 to 7,000 g/mole. 

9 The curable composition for coatings according to any of Claims 1 to 5. wherein the (y) component is an oligomer 
compound ((y)-ii component) containing at least two carboxyl groups per molecule and has a molecular weighl of 
not more than 2,000. 

10. The curable composition for coatings according to Claim 9. wherein the (y)-ii component is obtained by subjecting 
a polyol compound and an acid anhydride compound to half esterification. 
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11. The curable composition for coatings according to any of Claims 1 to 10, wherein the (z) component contains at 
least one carboxyl group and at least two epoxy groups per molecule and has an epoxy equivalent of 200 to 2,000 
g/mole. 

s 12. The curable composition for coatings according to any of Claims 1 to 11, wherein the component (B) contains at 
least one hydroxy group per molecule and has a hydroxy equivalent of 500 to 7,000 g/mole. 

13. The curable composition for coatings according to any of Claims 1 to 12, wherein the component (B) contains at 
least one epoxy group per molecule and has an epoxy equivalent of 200 to 2,000 g/mole. 

10 

14. The curable composition for coatings according to any of Claims 1 to 13, wherein the component (C) consists of 
a tetraalkyl silicate and/or a partial hydrolyzate condensate thereof. 

15. The curable composition for coatings according to any of Claims 1 to 14 which further comprises a curing catalyst 
is component (D) in an amount of 0.001 to 10 parts by weight per 100 parts by weight, on the solid matter basis, of 

the sum total of the components (A), (B) and (C). 

16. The curable composition for coatings according to any of Claims 1 to 15, wherein the epoxy group to carboxyl 
group mole ratio in the component (A) is such that the epoxy group occurs in an amount of 0.2 to 5 moles per mole 

20 of the carboxyl group. 

17. A coated article provided with a coating comprising a metallic powder and/or color pigment and further provided 
thereon with a top coat clear coating comprising, as the main component, the curable composition for coatings 
according to any of Claims 1 to 16. 

25 

18. A resin composition for coatings which is intended for producing a curable composition for coatings by blending 
with a composition for coatings which comprises a component (A) consisting of a resin (A-1 ) obtained by mixing 
an epoxy group-containing compound (x) component with a carboxyl group-containing compound (y) component 
and/or a resin (A-2) based on an epoxy group- and carboxyl group-containing vinyl copolymer (z) component, 

30 

wherein said resin composition for coatings comprises a component (B) consisting of a vinyl copolymer whose 
main chain substantially consists of a vinyl copolymer chain and which has, within the molecule thereof, at 
least one hydrolyzable silyl group bound to a carbon atom as represented by the following general formula (I): 

35 

?■ 

-Si-(R l O) 3 _ a (I) 

40 

[wherein R 1 represents a hydrogen atom or an alkyl group containing 1 to 10 carbon atoms, R 2 represents a 
hydrogen atom or a monovalent hydrocarbon group selected from among an alkyl group containing 1 to 10 
carbon atoms, an aryl group containing 6 to 10 carbon atoms and an aralkyl group containing 7 to 10 carbon 
atoms and a represents an integer of 0 to 2], at one main chain terminus and/or on a side chain, and 
45 a component (C) consisting of a silicon compound represented by the following general formula (VII): 

(R'o^SiR 4 , (VII) 

so [wherein R 3 represents a hydrogen atom or an alkyl group containing 1 to 1 0 carbon atoms, an aryl group 

containing 6 to 10 carbon atoms or an aralkyl group containing 7 to 10 carbon atoms and the R 3 groups may 
be the same or different, R 4 represents an alkyl group containing 1 to 1 0 carbon atoms, an aryl group containing 
6 to 10 carbon atoms or an aralkyl group containing 7 to 10 carbon atoms and when there is a plurality of R 4 
groups, they may be the same or different, and b represents an integer of 0 to 2], and/or a partial hydrolyzate 

55 condensate thereof. 

19. The resin composition for coatings according to Claim 18, wherein 1 to 100 parts by weight of the component (B) 
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and 1 to 1 00 parts by weight of the component (C) are blended with said composition for coatings comprising 1 00 
parts by weight of the component (A). 
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